Introduction
Blood pressure (BP) is created by the force of blood pushing against the walls of blood vessels (arteries) as it is pumped by the heart. 1, 2 It is primarily the result of interactions of the functions of the nervous, endocrine, and renal systems. Endothelial dysfunction, increased vascular reactivity, and vascular remodeling may be the causes, rather than consequences, of BP elevation; increased vascular stiffness contributes to isolated systolic hypertension in the elderly. 4 EPI also activates smooth muscle by a highly reproducible and relatively "simple" mechanism involving activation of receptor-operated Ca 2+ channels that leads to increases in cytosolic-free Ca 2+ ([Ca 2+ ]i), MLC kinase activation, and MLC phosphorylation and contraction. 5 MB inhibits guanylate cyclase enzyme and decreases the synthesis of cyclic guanine monophosphate, thereby preventing MLC dephosphorylation and contraction. In addition, it might interact directly with endothelium-derived relaxing factor and cause inhibition of the endothelium-independent relaxation. 6 On the other hand, GLIB is an inhibitor for opening the adenosine triphosphate (ATP)-sensitive potassium channel that causes contraction. [7] [8] [9] Hypertension leads to complications leading to considerable morbidity and mortality by causing damage to the arteries, brain (cerebrovascular accident or stroke), heart (heart failure, coronary artery disease, myocardial infarction, and heart attack), retina (retinopathy or visual impairment), and kidneys (renal failure). 1, 2, 10 Treatment is usually lifelong. Therefore, drugs must be effective and safe over a long period of use. Many antihypertensive drugs act directly on blood vessel smooth muscles as vasodilators (α 1 -adrenegic block, release of NO in situ, calcium channel blockers, and α 2 -adrenegic agonist). 11 Despite the availability of a wide range of antihypertensive drugs, hypertension and its complications are still important causes of adult morbidity and mortality in Africa. More than 50% of treated hypertensive patients have uncontrolled hypertension. 12 Moreover, the efficacy of these drugs is only 40%-60%, and usually two or more antihypertensive drugs from different categories need be combined to achieve optimal results; however, side effects from these medications are important concerns. 13 On the other hand, various herbal preparations have been claimed to have benefit for hypertension. Moringa stenopetala (Baker f.) Cufod. is one of such plants used in Ethiopia. It grows abundantly in Southwestern Ethiopia at an altitude range of 1,000-1,800 m, where the leaves are not only used for medicinal purposes, but are also eaten as vegetables. 14 The species is known by different vernacular names such as "Shiferaw" in Amharic, "Aleko" in Wollaytegna and Gamugna, and "Cabbage tree" in English. 15 It is a multipurpose plant 16 and has been reported to possess antihypertensive, 17 hypotensive, 18 antihyperglycemic, hypoglycemic, 16, [18] [19] [20] [21] antileishmanial and antifertility properites, 15 in addition to use for treatment of stomach pain, as an antispasmodic, to expel retained placenta following birth, 22 and as an antimicrobial 23 and also has a nutritional value. 16 The aim of this study was, therefore, to investigate the vasodilatory activity of M. stenopetala (Baker f.) Cufod. in precontracted isolated thoracic aorta of guinea pigs together with its possible mechanism of action. 
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Materials and methods
Plant material
The fresh M. stenopetala leaves were collected from Southern Ethiopia around Arbaminch, 500 km far south of Addis Ababa, in September 2014. The plant material was authenticated by a taxonomist, Doctor Dawit Abebe, in the Ethiopian Public Health Institute, and a voucher number AL-001 was deposited for future reference.
Experimental animals
Ethics approval for this study was obtained from the Scientific and Ethical Review Committee of Ethiopian Public Health Institute. The experiments were performed on adult male guinea pigs (Cavia porcellus) weighing 350-400 g. The guinea pigs were bred and obtained from the Ethiopian 
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Moringa stenopetala in isolated thoracic aorta of guinea pigs Public Health Institute. All the animals used for this study were kept in standard animal cages and maintained under laboratory conditions of temperature (22°C±3°C), relative humidity (40%-70%), and 12-hour day/night and had free access to food (standard cabbage and pellet diet) and water. The animals were treated with care throughout the study period and were kept in a well-controlled area according to the National Guide for the Care and Use of Laboratory Animals. 24 
Plant material preparation and extraction
Fresh M. stenopetala (Baker f.) Cufod. leaves were garbled, chopped, dried under shade (at room temperature), grinded to powder using mortar and pestle, and stored in a cool and dry place. Weighed amounts of 1.208 kg and 2.130 kg powdered leaves were kept in Erlenmeyer flasks and macerated with water (distilled and deionized) and 70% ethanol at room temperature under a rotator shaker until exhaustion for 4 hours and 72 hours, respectively. The 70% EtOH extract was filtered using cotton gauze and then with Whatman filter paper number 1. The filtrate was concentrated under reduced pressure using rota vapor. The semidried residue was kept on a water bath at 400°C overnight and then with a lyophilizer to completely remove the solvent residue. Aqueous (AQ) crude extract was filtered using a Whatman filter paper number 1, kept in refrigerator overnight to freeze, and lyophilized to remove the water. The total yields of the AQ and 70% EtOH extract were calculated as 17.1% and 4.9% (w/w), respectively. Approximately 178.95 g of dried AQ crude extract was defatted by petroleum ether and partitioned with ethylacetate (EtAc); the solvent was removed using rota vapor and lyophilizer to obtain EtAc (18.6% w/w yield) and AQ residue (35% w/w yield), respectively. The dried extracts were kept in a refrigerator until used for the experiment ( Figure 1 ).
Phytochemical screening
All extracts used for the in vitro study were subjected to phytochemical screening following methods described by Tiwari et al 25 and Trease and Evans. 26 The extracts along with negative controls were tested for the presence of alkaloids, saponins, polyphenols, flavonoids, coumarins, terpenoids, anthraquinones, tannins, phytosterols, and glycosides, which are described in the following sections.
Alkaloids
Approximately 1.5 mL of 10% HCl was added to 0.5 mg of the extracts in a test tube. The mixture was heated for 20 minutes. It was then cooled and filtered. To 1 mL of the filtrate, five drops of Mayer's and Dragendorff's reagents were added separately, and the formation of cream-and orangecolored precipitates, respectively, indicated the presence of alkaloids in the extracts.
Saponins
Froth test: An aqueous solution of 0.5 mg of the extract in a test tube was vigorously shaken for 2 minutes. Foam that persisted for 30 minutes and does not disappear upon warming was taken as an indication of the presence of saponin in the extract.
Polyphenols (phenolic compounds)
Three drops of a mixture of 1 mL of 1% FeCl 3 and 1% K 3 Fe(CN) 6 each were added to 2 mL of extracts. The formation of green or blue color was taken as an indication of the presence of polyphenols. 
Coumarins
Two milliliters of 10% ammonia solution was added to 5 mL of concentrated alcoholic solution of the extracts. The occurrence of an intensive fluorescence under ultraviolet light indicates the presence of coumarin derivatives.
Terpenoids (ketonic)
One milliliter of 2,4-dinitrophenylhydrazine solutions (0.5 g dissolved in 100 mL of 2 M HCl) was added to 2 mL of aqueous solution of the extract. The formation of yellow-orange coloration indicates the presence of a ketonic terpenoids.
Anthraquinones
Borntrager's test: Five milliliters of the extract was dried and shaken with 3 mL of petroleum ether. The filtrate was added to 2 mL of a 25% ammonia solution. The mixture was shaken, and the formation of a red coloration was taken as an indication of the presence of free anthraquinones.
Tannins
Three drops of 5% ferric chloride solution was added to 1 mL of the extract solution in water. A greenish or blue coloration or precipitation was taken as an indication of the presence of tannins.
Phytosterols with anoids
Five drops of 3% vanillin in concentrated H 2 SO 4 were added to a concentrated chloroform solution of extracts. The formation of a rose or reddish brown color indicates the presence of anoids or phytosterols.
Test for glycosides (Keller-Kiliani test)
To 0.5 g of each extract suspended in 5 mL of water, 2 mL of glacial acetic acid containing one drop of ferric chloride hexahydrate (FeCl 3 ×6H 2 O) solution was added. This was mixed with 1 mL of concentrated sulfuric acid and observed for a brown ring at the interface or a violet ring below the brown ring; alternatively, acetic acid was added and observed for a greenish ring above the brown ring that gradually spread throughout this layer.
Evaluation of in vitro vasodilatory activity
The in vitro vasodilatory study was conducted on isolated whole, spirally cut thoracic aortic strips of guinea pigs according to the methods described by Vogel et al. 27 The guinea pig was sacrificed by gentle cervical dislocation, the thoracic cavity was opened, and the aorta was identified. The descending thoracic aorta was then immediately removed and placed in Krebs-Henseleit physiological solution maintained at 37°C. Excess adherent fat and connective tissue were trimmed off and cleaned; each aorta was cut spirally using heparinized capillary tube with plastic sealing to a strip of ~2 mm wide and 4 mm long. The whole, spirally cut strip was immediately mounted in an organ bath containing 20 mL Krebs-Henseleit physiological solution (118.4 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO 4 ×7H 2 O, 2.2 mM KH 2 PO 4 , 1.3 mM CaCl 2 , 24.9 mM NaHCO 3 , 11.1 mM glucose, pH 7.4). The whole, spirally cut aortic strip was attached to isometric transducers connected to a polygraph, and a resting tension of 1 g was applied to strip. Whole, spirally cut strip was mounted under this resting tension onto two 0.2 mm L-shaped stainless steel wire hooks gently inserted into the lumen to avoid damage to the endothelium in 20 mL organ baths containing Krebs-Henseleit physiological solution and allowed to stabilize for ~1 hour before commencing an experiment during which period it was washed by overflowing every 15 minutes.
The physiological solution was allowed to pass through a warm water jacket to maintain its temperature and was continuously aerated with carbogen (95% O 2 + 5% CO 2 gas mixture) at a pH of 7.4. The pH of buffer was checked every 60 minutes of aeration with carbogen.
Experiments were performed on aortic strip with intact (E + ) and denuded (E -) endothelium. For the experiment on whole, spirally cut aortic strip with intact endothelium, the presence and functional integrity of the endothelium was tested by administration of 1 µM acetylcholine, which should result in a transient relaxation. On the other hand, the experiment was performed on denuded endothelium by removing endothelial cells from strip and by gently rubbing the intimal surface with a moist wooden stick for 30-60 seconds. The effectiveness of this procedure was subsequently investigated using acetylcholine (1 mM), which normally relaxed aorta strips, but had no such effect on rubbed strip precontracted with 80 mM of KCl. 
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Moringa stenopetala in isolated thoracic aorta of guinea pigs aortic strip was then induced by administering one of the following contracting agents to organ bath: potassium chloride (80 mM), EPI (1 µM), MB (10 µM), and GLIB (10 µM).
Once a contraction plateau was achieved, extracts of M. stenopetala (Baker f.) Cufod. were administered cumulatively every 15 minutes, and tension responses of the tissue were detected with transducers and recorded isometrically and were displayed on a Grass model 7E polygraph. 27, 29 At the end of the experiment, relaxation, which is a measure of inhibition of contraction in whole, spirally cut aortic strip precontracted with contracting agent, was determined using a measurement before and after extract administration and calculated using the following formula:
where T c stands for tension due to contracting agents, while T t stands for tension after adding extract. For each experiment, aortas from four animals were tested to ensure sufficient biological variability.
Statistical analysis
All experimental data were expressed as mean values (%relaxation) ± standard error of the mean and were subjected to biostatistical interpretation by SPSS windows Version 20 statistical packages (IBM Corporation, Armonk, NY, USA) all the way through a one-way analysis of variance followed by post hoc test (Tukey's test) for multiple comparisons of the mean differences and responses of different drugs and extracts. Statistical significance of P-value <0.05 was considered as the level of significance.
Results and discussion
This study investigated the in vitro vasodilatory effects of different extracts of M. stenopetala leaves in isolated whole, spirally cut strips of guinea pigs. In addition, the phytochemical screening of different extracts of M. stenopetala leaves was performed. This is the first in-depth study to investigate the effect of different extracts of M. stenopetala leaves on precontracted isolated whole, spirally cut aortic strips of guinea pigs, in particular, blood vessel in an attempt to explore potential vasodilatory mechanism(s).
Phytochemical screening
Basic investigations of the extracts for their major phytocompounds are vital as the active principles of many drugs are secondary metabolites found in plants. Several phytochemical screening tests performed on the crude extracts and solvent fractions of M. stenopetala leaves revealed the presence of different secondary metabolites (Table 1) .
Phytochemicals are non-nutritive plant chemicals that may have some disease prevention or treatment properties. 31 The four solvent extracts (AQ crude, 70% EtOH crude, EtAc partition, and AQ partition residue of AQ crude) of the fresh M. stenopetala (Baker f.) Cufod. leaves were screened for the presence of different phytochemicals.
The qualitative phytochemical screening of AQ extract showed the presence of all tested secondary metabolites. This finding is in agreement with the study performed on AQ extract of Moringa oleifera. 32 In addition, 70% EtOH extract showed the presence of all tested phytochemicals except saponins. This finding is in line with the study performed on EtOH extract of M. oleifera. 33 Tannin and phytosterol were present in all tested extracts. Saponin was present in all tested extracts but not in 70% EtOH crude extract. Only crude extracts showed a positive test result for alkaloids and glycosides. One of the earlier studies showed the presence of alkaloids, tannins, and glycosides but no saponins and anthraquinones in EtOH extract of M. oleifera. 34 Another study showed the presence of all tested metabolites (tannin, alkaloid, saponin, and phenol) in both EtOH and EtAc crude extract of M. oleifera. 35 On the other hand, another study showed the presence of all tested metabolites (flavonoid, anthraquinone, alkaloid, saponin, terpenoid, glycoside, and tannin) in both EtOH and AQ crude extract of M. oleifera. 36 The current study indicated that the extracts of fresh leaves of M. stenopetala (Baker f.) Cufod. contain different classes of secondary metabolites. The yield obtained for secondary metabolites of M. stenopetala (Baker f.) Cufod. leaves in the current study was recorded to be highest in the case of AQ crude extract followed by 70% EtOH crude, AQ residue, and EtAc fraction of AQ crude extract in succession. The presence of these phytochemicals gave a great potential for the extracts of M. stenopetala (Baker f.) Cufod. leaves in producing vasodilatory effect that signifies the potential of the plant as a source of therapeutic agent.
In vitro vasodilatory activity
BP is the product of cardiac output and peripheral vascular resistance, and it is affected by a change in either or both of these parameters. The goal of any antihypertensive therapy is to bring a reduction in either or both of these parameters, preferably peripheral vascular resistance. 37 From the current study, it is observed that all extracts of M. stenopetala (Baker f.) Cufod. produced a relaxation 
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Geleta et al of KCl (on intact and denuded endothelium), MB, EPI, and GLIB induced contraction in isolated whole, spirally cut aortic strips of guinea pigs in a dose-dependent manner. The greatest vasodilatory activity was observed at maximum tested doses of 10 mg/mL (Table 2) .
AQ and 70% EtOH crude extracts (Table 2 ) elicited a higher relaxation than the fraction and residue of AQ crude extract (Table 2) on precontracted isolated whole, spirally cut aortic strips. AQ and 70% EtOH crude extracts have shown 95.56% and 99.10% relaxation against KCl and 90.16% and 82.85% relaxation against EPI, respectively (P<0.001), whereas fraction and residue of AQ crude extract have shown 48.07% and 66.88% relaxation against KCl and 36.19% and 61.31% relaxation against EPI, respectively (P<0.001). This might be due to the synergistic action of different metabolites in crude extracts. This finding is in line with those of the studies performed on AQ extract of M. stenopetala leaves in isolated thoracic aorta of guinea pigs 18 and on isolated compounds from crude extracts of M. oleifera leaves in isolated thoracic aorta of rabbit. 38 This activity might be attributed to the presence of alkaloids and glycosides in crude extracts, which is in agreement with the study performed on isolated ileum of guinea pigs with alkaloids of leaves of M. oleifera, 39 and thiocarbamate glycosides isolated from M. oleifera pods and seeds. 40 The percent relaxation of KCl-induced contraction was found to be greater in intact than denuded endothelium of isolated whole, spirally cut aortic strips of guinea pigs for all extracts. This showed that the presence of endothelium has a contribution for increment in the percent relaxation of precontracted isolated whole, spirally cut aortic strips, which may be attributed to the stimulation of endothelium-derived relaxing factor and release of nitric oxide (NO) by some phytoconstituents present in the extracts. As the extracts also produced significant relaxation in denuded endothelium in KCl precontracted isolated whole, spirally cut aortic strips, they have a potential to induce endothelium-independent vasodilation.
The largest dose-dependent percent relaxation was achieved by KCl (intact endothelium) followed by KCl (denuded endothelium) and then by EPI (intact endothelium) precontracted isolated whole, spirally cut aortic strips. The mechanism of relaxation by M. stenopetala might, therefore, be through Ca 2+ channel blockade followed by a significant α 1 -blocking effect, which is indicative of the blockade of Ca 2+ influx through both L-type voltage-dependent and receptor-operated Ca 2+ channels, respectively. This finding is in-line with those of studies performed on AQ extract of 
41
Moringa stenopetala in isolated thoracic aorta of guinea pigs M. stenopetala leaves. 18 The glycosides present in the crude extracts might have contributed to the vasodilatory effect by α 1 -blocking, which is in agreement with the study performed on thiocarbamate glycosides isolated from M. oleifera pods and seeds. 40 In addition, the crude extracts and fractions also revealed a relatively dose-dependent vasorelaxant action against aorta precontracted with MB and GLIB , which has shown guanylate cyclase activation and ATP-sensitive potassium channel activation, respectively.
Conclusion
In general, this study demonstrated the in vitro vasodilatory activity of the AQ and 70% EtOH crude extracts of M. stenopetala leaves in precontracted isolated whole, spirally cut aortic strips of guinea pigs perhaps due to different active secondary metabolites found in the extracts. The possible mechanisms of action of the extracts are Ca 2+ channel blockade and α 1 -blockade activity. Further studies, however, have to pursue to confirm the mechanism of action. 
